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ABSTRACT

Nondestructive assay systems have been developed to al-
iow dara acquisition equipment to operate unattended in an
automated mixed oxide facility, reducing inspector time in a
facility and giving them time for other activities. Fewer in-
spector visilts mean less impact on plant operators. Neutron
detectors are located at key measurement points in the facility.
Near each detector is located an elecronics cabinet, which
contains two JSP.-11 shift registers, iwo COMPAQ Portable
1] computers. and a printer. The signal from the detector is
split and sent 10 each shift register for redundancy and reliabil-
ity. The software for unattended operation consists primaril
ol iwo programs, COLLECT and REVIEW. The C(P)LLEC'i:
program runs on the computers in unattended operation; shift-
register daz are acquired each 60 s. The COLLECT program
Jistinguishe~ between a normal background and a discon-
nected signal, between material moving near the detector and
material in the detector, and whether the material in the detector
is a2 sample or 2 californium normialization source. Depending
on the type of assay, different data are stored on the hard disk.
Dunng an inspection, the inspector stops the current measure-
ment campaign, examines the data from both computers briefly
At the electronic: cabinet, copies the campaign data to floppy
Jisk, and stans another measuremen: campaign. These data
are examined laer in another location Lsing the REVIEW pro-
pram runming on high performance microcomputers: a
COMPAQ DeskPro 386/20) or equivalent. The REVIEW pro-
gram uses graphical displays 10 e.iable the inspector to gquickly
search through the massive amounts of accumulated data to
fcarn when samples were measured. Data from the desired
measurements are then transtened to the Intematinnal Atomic
Lnergy Agency high-level neutron coincidence program for
turther analyss.

INTRODUCTYON

Several neutron detectors connected to ISR-11 shift regis-
ters are locited throughout the Plutorium Fuel Production
Facility (PEPF). Matenial moves through the detectors by
mieans of the tobolics aystem while the process is operating,
To lumit inspector ume at the facility, to increase safety by re-
ducing radiation exposure to personnel, and to hmit operator
impact caused by these inspecuons, .t way decided that the
vullection of data from the aetectors would be done in unat-
tended operation; data would be collected conunuously, but the
iispector would examine the data infrequently: about once a
montk. In practice. only the detectors located at the input and
output ends of the plant operate for these longer penods. Lhe
other detectors iwcated throughout the process:-line run in

unattended operation tfor much shonter periods of time, typi-
illy overnigh:,

Unauended operation placed several constraints on the de-
sign of the hargware and sofiware for the system. Because 1
would be difficult to redo unusual measurements. the system
had 1o be highly reliable so that inspectors would be contident
that the data they examined at the end of the month would
retflect what actually happened. Several features were de-
signed into the system to increase the redundancy and reliabil-
1y, such as dual measurement systems, elecronics cuabinets
using tamper detection International Atomic Energy Agency
(IAEA) seals, continuous cable runs, and software self-diag-
nostics to detect interruptions in the data stream or unusual
measurement condit:ons,

The software consists of two main programs. COLLECT
controls the shift register to collect data continuously in the
unattended mode. REVIEW is run about once 4 month 1o ¢x-
snune the large amounts ot data collected. The REVIEW pro-
pram also creates data files that can be input into the IAEA-
high-level neutron coincidence (HLNC) program to calculate
grams of plutonium in the sample. Separating the sottware
Into two programs allows the inspector to spend minimal ume
in the radiation area cc''eciing data. The data from the
COLLECT program can be examined in a more comfortable
cmvironment with the REVIEW workstation computer. The
overview of the soltware interaction 1s shown in Fig. 1.

DATA COLLECTION

I'he COLLECT program operates on the computers con
tnned in the electronics cabinet located near each detector
shownan Fig. 20 Each electronics cabinet contains two JSR
I shitt registers, two COMPAQ Ponable [ computers, an
Fpson LQXSO printer, a T-switch box to connect the compu-
¢rs 1o the panter, and a splitter box to route the signal from the
detector to each ot the JSR- 11 shift registers. The two ISR -1
shitt register/computer systems counting the sime signal trom
the detector insure against data loss hecause of equipment
talure.

Fhe man functuon of COLLECT is o gather data continu
ousty, but ot has additional capabthties. The mmn menu of
COLLECT i shown i Fig. b Inaddiion to collecting data
duting a measurement campaign, this program iu oms the in
ey cor o copy the data Hles to g Hoppy disk “or ranster o the
RENVIEW program tor turther analysis, o print campaien
summaries of previous data, 1o set parimeters used in the ol
fecnom analbysis, and o delete old data trom the hard diskh - No
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operator interaction 1s necessary dunng data collection. After
each o)-s run, COLLECT reads daa trom the shift register
and wnes it 1o the computer hard disk. Data are formatted so
that 2 month’s vutput can be copled to 1 single tloppy disk.
Results are only pnnted when tne inspector 1s present.

The insp=Ctor starts a measurement campaign by selecting
the ‘Begin a New Measurement Campaign” option on both
computers.  After venifying proper funcuoning by watching
the results for the first few minutes. the operator seals the
clectromies cabinet. Dunng the unattended operation, data are
acyuired tfrom the JSR-11 shift registers in 60-s intervals for
periods up te 35 days.  After each 60-s measurement, the
COLLECT program analyzes the data to determine what type
ot run was just completed and updates the campaign summary.,
shown in Fig. 4. Several tests are performed:

If the reals rate 1s below the assay threshold rate. the
run is a buckground and is examined to venfy that its
totals rate is within an expected range (a disconnected
signal would produce a rate of 0). If the totals rate is
lower than this range, this run is a low background
and the field labeled "Low backgrounds" is incre-
menied on the campaign summary. [f the back-
ground falls within the expected range. the “Normal
backgrounds” field is incremented. If the run s a
background. only the totals Jdata measure nent ime
and date, otals counts, count ime, and status) are
saved on the hard disk.

It the mals rate 15 above the assay threshold rate, the
run is an assay and both assay and totals data are
stored on the hard disk. Assay daia comprise the
measurement nime and date, totals counts, reals + ac-
cidentals counts, count time, and a measurement
status. Ay the sumple is moving into the detector, the
runs are above bhackground. but only the measure-
ments taken after the sample 1s placed into the
counter are ol interest. To determune when the sam-
ple 1510 the counter, the TG test 1s performed. Only
when the 120 test 1s sausfied 1s the sample assumed
1o be stationary in the counter.
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e Sample or califormm (C1) assay
It an assay passes the TG test, the next run i~ an-
lvzed 10 determine whether a sample or Ct source 15
being measured based on the reals/totals rato, ¢
assays have a higher ratio than a mixed oxade sam-
ple. If this run is a sample, the events field wn the
campaign summary will be incremented by one,

Y h alirzan 9  chec

A normmalization source with a known count rate 1y
scaled in one of the canisters. If the Cf reals rate 18
high, then the run is from the nomalization source,
otherwise it is from the Cf check source. The
appropnate field in the campaign summary is incre-
mented by one,

Al the end of the campaign (2-4 weeks) the inspector re-
tums to the cabinet, inspects the seal, opens the cabinet, ex-
amines the system, and compares the campaign summaries on
the two compuiers. The top section displays the parameters
used in the analysis of the campaign just finished. The nuddle
section includes the campaign stant time, length, and the nuin:
ber ot each type of run during this campaign. These nuribers
should be consistent on the two computer systems. The buot-
«om poruon of the campaign summary pnnts results of the
most recent runs.  After examining the summanes, the in-
spector termunates the current campaign, prints a hard copy ot
the summary, copies the data from this campaign onto a tloppy
Jisk tor later analysis, and starts another campaign. The in-
spector repeats the procedure on the second computer and then
re-seals the cabinet.

DATA REVIEW

The REVIEW program operates on the comiputers located
in the workstation area of the PFPF. The Power Reactor &
Nuclear Fuei Development Corporation (PNC) workstation
consists of a COMPAQ 386/20 computer with a color VO A
Jisplay screen, 60-Mbyte hard disk. and 1.44-Mbyte, V. 1/2
. and 1.2-Mbyvte. 5-1/4 in, floppy disks connected to an
Epson L.QRSO printer. The IAEA has a workstation with g
suntlar capability. The primary tfuncuons of the REVIEW
program are to store the raw count data from the COLLECT
program in a database, to provide for rapid inspection and ob
senvation of these data, and to generate data files tor input 1o
the TAEA-HLENC code. Large amounts of data are produced
by the unattended operation. A campaign of one month pro
Jduces 41000 raw data runs tor each shift register/computer
swatem. U each run were pnnted on a hine, the resnits tor one
detector would cover 780 pages  The REVIEW progriam dis
plavs the data graphically so the inspector can quickly and
ca-ly exanune 1t

Alter the inspector has collected data trom all the detecuon
systenis bowated throughouat the PEPE, he or shie uses the
REVIEW program to exanune the data. The REVIEW main
menu s shownan Fig S A tvpieal REVIEW session would
b started by first selecung the "New Data File Input” option
fremy the niun menu. Fhe user 18 prompted through the <teps
tompon the raw data on the tloppy diskettes into the databuase
on the hand disk svatem.

Atdter all data have been importted, the Graph Rates option
oelected to et a ek oversiew of the data trom the cam
patiene - Phe user has an option 1o griaph only the totals rates,
only the reils rates, or both the totals and reals ates A tpeal
totals e reals vites graph s shownn Fig 6 The peakson
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the bottom curve (reals rate) indicuate when samples are in the
vountet; the totals rate curve indicates this tume as well as the
movement of the sumple into and out of the detector. The in-
terval can by changed to expand different areas of the graph by
specifying a new starting date and ume as well as the interval
to be displayed. In this manner specific peaks can be fully
cxamined. Atany imc, the user can print the graph.

The graph in Fig. 6 ,hows the activily in the canister
counter in the feed storage area. In the room with the counter
15 4 track on which camsters of matenal move from storage
into the process area or back to storage from the process area.
Alvo of interest 1n Fig. 615 a peak on the totals graph that does
not have & corresponding peak on the reals graph. This indi-
vates when a canister was moving to the piocess area on the
adycent track.

Once the campuign data have been examuned in their
grapiical form, the inspector typically selects the "Review

Assay Events” option, in which the assay results tor each in-
dividual campaign are displayed. The results are grouped 1o
2vents with the type of counter (PCAS, FAAS, cic ) labeled
and an indication of whether a particular run passed the 1-G
test in the COLLECT analysis. A sample assay results screen
is shown in Fig. 7. To wransfer data to the IAEA-HLNC pro-
gram, the inspector 1ags a set ot runs and supplies an “ltem
ID” o t.

The REVIEW program has other options such as display-
ing which campaigns are available in the database, printing a
selected set of totals runs, calculating background values,
delenng data from the dawbase, and changing parameters.

Once the inspector has used REVIEW to examine data
from all the detectors, he or she can terminate the REVIEW
session. Two short programs automatically wanster data sets
tagged in REVIEW into the IAEA-HLNC progra:n database.
The HLNC program then analyzes the data to determine the
plutonium content.

AUTHENTICATI!ON OF DATA

In addition to the redundancy of the dual measurement
systems and software analysis by COLLECT 1o detect unusual
situations such as no signal, counters seeing signal for longer
or shorter than the expected time, etc.. several hardware fea.
ures were designed to increase the authenticity of the data.
The electronics cabinets containing the measurement equip-
ment were chosen because of their tamper detection qualities.
The cabinet door has an IAEA-tamper detection seal, which is
examined during each inspector visit to the cabinet, and a new
seal installed when the inspector leaves the cabinet. Continu-
ous cables run from the electronics cabinet to the detector.
These cable runs can be visually examined by the inspector. A
serrurily cover encloses the cable connectors at each detector.
The secunity cover/seal combination prevents undetected ac-
cess to the detector electronics and cable connections.

CONCLUSIONS

Unattended data collection is an antractive option 1o reduce
inspector time at huclear tacilities, but places additional design
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constrants on the svstem because data authenncanon 1s neces-
sary. We found these addinonal constraints relanvely easy to
meet and the benefit of unartended operadon 10 be worth the
small extra effont. Collecting data 1n unarntended operation has
several advantages. The operator benefits from fewer inter-
ruptions because the inspector spends fewer days ir the plant,
The inspector gains because unattended data collection fol-
lowed by a review procedure allows the examinagon of many
days of daia in a single day by using graphical displays to
quickly identfy the events of interesL Unanended data collec-
tion is parucularly well suited to counters that must be moni-
tored conanuously because matenal could move through them
atany nme. Anintegral part of the unattended data collection
scheme is a review program; it must be able to provide quick
access 1o the large amounts of data collected in the inspecuon
interval and display that data so that the important dara are eas-
ily discernable.
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